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ABSTRACT 


A  proposal  was  made  to  ANL  for  NRL  to  eonstruct  a  gamma 
ray  pin-hole  camera  to  follow  the  flow  of  molten  fuel  elements 
by  observing  the  emitted,  gamma  rays  with,  a  TV  chain  viewing  an 
image  of  the  fuel  elements  on  a  Nal  screen.  Howeverjr  an 
alternative  system:  has  been  propesed  that  will  give  the  same 
space  resolution.  Improved  time  resolution  and  dynamic  range 
With  greater  flexibility  and  redueed  cost.  This  system  con-^ 
Slsts  of  a  rotating  cylinder  with  a  large  number  of  small 
collimating  holes  scanning  across  the  test  sectloni  Signals 
from  scintillation  detectors  placed  behind  the  drum  will 
intensity  modulate  the  Z  axis  of  multi -gun  oscilloscopes. 

A  continuously  moving  film  camera  will  record  these  sweeps 
for  Study  and  analysis* 

STATEMENT  OP  THE  PROBLEM 

The  Argonne  National  Laboratory  Is  currently  working  on  i 
a  program  (designated  as  TREAT)  to  determine  the  safety  of 
fast  breeder  reactors*  A  thermal  reactor  will  be  designed 
capable  of  melting  natural  uranium  fuel  rods  placed  in  a  test 
chamber  at  the  center  of  Its  core.  It  is  proposed  to  melt 
fuel  pins  of  the  type  appropriate  for  fast  breeder 
(except  for  enrichment)  and  determine  as  much  as  possible  about 
the  subsequent  behav'ior  of  the  molten  fuel*  Initial  Studies 
would  be  made  with  dry  fuel  pins  and  later  Studies  would 
involve  fuel  pins  Immersed  in  sodium*  The  most  dlfficuit 


1 


UNCLASSIFIED 


problem  In  the  latter  measureinents  Is  to  follow  the  motion 
of  the  molten  fuel  surnoundea  initially  by  the  sodium  eoolaht> 
a  Bltuation  that  precludes  any  visual  measureinent  procedure* 
Consideration  of  this  problem  by  representatives  of  Argonne 
and  Los  Alamos  failed  to  suggest  any  approach  for  following 
the  molten  metal  other  than  the  use  of  th.e  nuclear  radiation 
emanating  from  the  fuel  Itself*  This  radiation  can>  in  prin¬ 
ciple*  be  made  to  display  the  motion  of  the  fuel  by  using  a 
pin-hole  camera  technique  1*  This  method  is  limited  by  the 
Intensity  of  the  radiation  and  the  inherent  charaeterlstics  of 
the  pin-hole  camera. 

It  would  be  desirable  to  follow  the  motion  of  individual 
fuel  pins  of  diameter  approximately  Q*l5  In^  which  are 
normally  spaced  Glosely  together.  The  desired  time  resolu¬ 
tion  is  set  by  the  motion  of  the  molten  fuel  pins*  and  cannot 
be  accurately  predicted  in  advance.  From  discussions  among  ANL 
and  NRL  representatives  on  3©  April  l957>  it  was  felt  desir¬ 
able  to  have  a  spatial  resolution  at  the  fuel  pins  of  l/lO  in. 
or  lessji'  and  time  resolution  perhaps  as  small  as  one  mini-' 
second  if  this  were  possible. 

While  the  Initial  measurements  will  probably  Involve  a 
few  pins*  perhaps  a  row  of  pins  across  the  width  of  the  test 
ehamber*  it  is  desired  ultimately  to  view  a  complete  cluster 
of  fuel  pins*  However,  any  experimental  approach,  observing  the 

^  A  preliminary  discussion  of  this  teehnique  is  contained  in  a 
letter  from  Bob  Watt,  LASL*  te  David  Dkrent,  dated  Apr.  2,  l^ST* 
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gamma  :]?aya  leaving  the  outside  face  of  the  test  chamber ,  eanhot 
view  fuel  eismehte  wlihln  a  ei^uster  because  ol^  the  attenUa-^ 
tien.  of  Outside  plus*  Thus  It  cannot  he  expeeted  fO  record 
melting  of  any  pin  in  the  cluster  in  line  with  ahy  other  pin 
that  does  not  melt » 

TREAT  REACTOR  CHARACTERISTICS 

The  Argonne  proposal  is  to  eonstrtict  a  thermal  neutron 
reactor  with  maximum  core  dimensions  of  6  x  6x4  ft*  high  With, 
a  test  chamber  located  at  its  center  and  arrangements  made  for 
viewing  this  chamber  through  ports.  The  fuel  pins  to  be  used 
are  to  be  approximately  16  in*  long  and  the  test  chamber  IS  to 
have  dimensions  of  4  x  4  x  16  in.  Consequently,  the  area  which 
it  is  desired  to  observe  is  4  in,  wide  by  16  in*  high.  A  2  ft* 
graphite  reflector  surrounds  the  core.  The  shield  of  the 
reactor  will  be  5  ft  *  of  magnetite  concrete  * 

The  melting  of  fuel  pins  would  be  effected  by  a  reactor 
transient  with  the  power  rise  following  a  period  of  as  short  as 
5  milliseconds*:  Slower  transients  are  anticipated  depending 
upon  the  needs  of  the  program* 

GENERAL  DESCRIPTION  OF  THE  ORIGINAL  PROPOSED 
PIN-HOLE  CAMERA  SYSTEM 

The  proposed  system  consisted  of  a  gamma  ray  pin^hoTe 
approximately  2  meters  from  the  test  Chamber  and  a  1  in.  thick 
sodium  iodide  screen  approximately  2  'meters  from  the  pin-hole* 
Thusj:  an  image  of  the  test  chamber  would  be  formed  on  the 
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sodium  iodide  sor*een  with,  approximately  unit  magnirtcatidn.. 

The  gamma  rays  falling  ;©n  the  ®ereeh  eause  it  to  fludresce  ahd 
this  light  is  fGhu'seh  on  the  oathohe  of  an  image  pjpihlcon 
teievlsioh  plok-up  tube*.  A  low  noise  television  Ghaln  and 
appropriate  recording  equipment  reoord  a  reproduction  of  tho 
optical  image  formed  on  the  sodium  Iodide  screen.  This  image 
Is  photographed  to  permit  subsequent  detailed  study  and  analysis,* 
Th.e  installation  requires  careful  and  rather  massive 

I  • 

shielding*  A  slow  neutron  curtain  is  required  at  least  on  the 
reactor  side  of  fhe  equipment*  The  eluent  of  the  System  requir¬ 
ing  the  greatest  shielding  is  the  sodium  iodide  sCreenji  hou- 
ever,  the  image  orthicon  must  not  he  subjeeted  to  intense  radia^ 
tlon* 


ESTIMATES  OF  SIGNAL  STRENGTH 

Calculations  of  predicted  Signal  strength  were  made  assum¬ 
ing  the  nuclear  pin-hole  would  have  a  diameter  of  0*©5  in*. and 
that  a  1  in*  sodium  iodide  screen  would  be  employed  with  dis¬ 
tances  from  test  chamber  to  pin-hole  and  pin-hole  to  screen 
each  2  meters*  The  use  of  a  fast  lens  (F.75)^:  un  image  orthi- 
con  plCk-up  tube  (6849)  and  a  Bendix— Fries  television  chain 
was  assumed*  The  light  level  necessary  to  obtain  a  useful 
record  was  determined  largely  by  comparis on  with,  a  .somewhat 
Sirallar  arrangement  then  in  use  at  NRL  rather  than  by  straight 
computations  based  upon  quoted  tube  characteristies * 

The  radiation  from  the  fuel  pins  was  computed  for  two^ 
situatlonSjs  the  first  applying  to  the  period  .during  which  tho 
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plna  were  being  melted  when  the  prompt  flsslpn  gammas  are  the 
most  Important  sonrca  and  the  Second  to  snbBequent  times  when 
it  was  asstiMed  that  only  the  delayed  gamma  rays  from  the  fissions 
necessary  to  melt  the  fuel  pins  would  be  ayallable.;  In  the 
first  casBy  a  .reactor  power  transient  was  assumed  in  which  the 
power  rose  with  a  5  millisecond  period  and  was  Shut  down  by 
the  Insertion  of  XQffo  negative  reactivity^  Prom  these  reShits 
©ther  situations  of  interest  can  he  assessed  without  too  much 
difficulty. 

Prompt  gamma  rays  emanating  from  the  fuel  pins  during  the 
transient  are  primarily  prompt  fission  gammas  and  the  results 
are  Simmarlzed  in  Table  1*  Capture  and  inelastic  scattering 
gammas  in  the  uranium.  Sodium  bond  and  Stainless  steel  clad  were 
caleulated  but  are  smaller  than  the  prompt  fission  gammas ^  It 
is  estimated  that  due  to  the  amount  of  excess  negative  reac¬ 
tivity  that  can  be  Inserted,  this  prompt  gamma  intensity  will 
not  decrease  more  than  a  factor  of  1C  before  leveling  off  into 
an  80  Second  period  caused  by  delayed  neutrons.  Therefore, 
theS a  prompt  fission  gamma  Will  be  bright  enough  to  follow  the 
motion  of  the  molten  fuel  for  some  time.  The  brightness  of 
capture  gamma  rays  in  the  Sodium  coolant  will  be  much  less  than 
the  fuel  pin  brightness,. 

Delayed  gammaB  from  fission  prodUctB,  w:hlch  for  Short  times 
can  be  considered  aS  equal  to  the  number  of  fisslohs  decaying 
with  a  lifetime  of  one  Second,  were  also  estimated.  These  decay 
gammas  are  a  factor  of  lOO  below  the  peak  prompt  gammas  for 
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a  5  mllllsecona  trs:iisient>  eomBeque-ntly>  thqy  will  not  becoTne 
Important  until  yery  late  times ^  Gontrast  between  fuel  pins 

.and  nodluw  PPoiant  Is  gopd  but  gammai  f ram  tbe.  :reaeten  behind 

! 

the  test  See  t  Ion  must  be  attenuateciw 

As  Will  be  discussed  later,-  the  present  nrL 'arrangement 
Indicated  that  a  gamma  brightness  of  approximately  the  le'yei 
furnished  by  the  decay  gamma  rays  was  heceSsary  to  get  the 
desired  spatial  resolution  eyen  with  a  time  resolution  of  l/s© 
second*  If  transients  of  longer  periods  are  observed^  the 
prompt  gammas  will  not  be  as  much  greater  than  the  delayed 
gammasu  In  fact  for  a  transient  with  0*5  second  perlod>  It  IS 
estimated  that  the  peak  of  the  prompt  gamma  rays  will  be 
approximately  equal  to  the  delayed  gammas  * 

SPATIAL  RESOLUTION 

The  spatial  resolution  possible  in  the  measurement  is 
limited  principally  by  three  eonsiderat ions :  (1)  the  pin-hole 

characteristics/  (2)  geometri'cal  optics  at  the  sodium  Iodide 
screen/  and  (3)  the  character  is  tics  of  the  image  ©rthicon  tube*. 

The  pin-hole  design  is  dictated  principally  b^  two  cdn-^ 
SlderatlonS/  namely/  the  size  of  the  pin-hole  (assumed  0*05  in*) 
and  the  field  of  ylew  to  be  Imaged  by  the  pin-hole*  The  desired 
field  of  yieW/  asSiaiied  4  x  16  in*  at  the  test  chamber/  and  the 
test  chamber  to  pin-hole  distance  (assumed  2  meters)  determine 
the  Configuration  of  the  pin-hole*  In  order  to  ayoid  limiting 
the  field  of  ylew.,  the  pin -hole- must  be  made  Cf  two  rectangular 
pyramld-^shaped  yoids  with  the  sides  of  their  bases  in  the  ratio 
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of  4  fo  16  and  their  yertiees  pladed  togethef.  Table  2  shows 
ddihputed  yalnes  of  tha  Intensity  of  gamma  rays  from  a  point 
sonrce  reaching  th,e  screen.  The  width  at  half  ' intensity  across 
the  short  dimension  of  the  field  of  view-  is  much  more  narrow 
than  the  trayerse  at  right  angles.  Th.ns,  the  image  formed  by 
such  a  pin-hole  must  of  necessity  be  astigmatic.  The  pin-hole 
design  is  quite  Critical  and  it  was  proposed  to  mahe  an  insert 
of  a  high  density  metal* 

The  resolution  is  further  degraded  for  points  away  from  the 
axis  of  the  system  by  the  geometrical  optics  in  the  sodiiM 
iodide.  The  light  going  to  the  image  orthlcon  makes  an  angle 
with  the  direction  of  the  gamma  ray  creating  the  light >  thus  with 
a  1  in.  thick  sodium  iodide  screen  and  a  mirror  on  the  side 
toward  the  pln-holejr  this  effect  will  produce  a  maximum  smear 
ing  of  *05  of  an  inch  for  points  2  in.  off  the  axis  and  *2  of 
an  inch  for  points  8  in,  off  axis.  This  effect  is  most  trouble- 
Bome  when  yiewing  points  at  the  top  and  bottom  of  the  test 
chamber. 

The  image  orthlcon  tube  has  the  characteristics  of  showing 
poor  resolution  at  low  incident  light  ley els.  Thus,  if  the 
intensity  is  too  low  the  resolution  becomes  poor. 

Insight  into  possible  resolution  using  a  teleyision  chain 
looking  at  a  Nal  Screen  was  Dbtained  by  taking  pictures  of  the 
display  from  the  URL  arrangement*  Radiographic  pictures  were 
taken  Udlng  a  gamma  ray  intensity  at  the  sereeh  of  approximately 
10’’^  Mey  of  ^fs/cm^-sec.  Single  objecis  I/8  in*  in  diameter, 
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either  lead  rods  3/^  long  or' .holes  in  a  3/4  in*  lead  plate, ^ 
are  recorded  in  a  single  frame  (I/30  See.)*  hhen  pairs  of 
1/8  in*  holes  in  a  3/4  in*  plate  ane  Ylewed,;  they  are  shown 
resolved  when  the  center-^to-eenter  distance  IS  5/10*  IS-e  NRL 
arrangement  has  a  field  of  ylew  of  24  in,  compared  to  an  anti- 
cipated  16  in*  for  these  experiments^  conseduentlyjr  one  would 
expect  resolved  distances  to  deerease  in  ratio  16  to  24  to 
approximately  0*1  diameter  and  1/4  in,  centent oocenter  separa-* 
tlon  with  thia  tlm.e  resolution. 

It  appears  that  a  spatial  resolution  of  approximately  »1  in* 
in  the  horizontal  plane  and  Somewhat  worse  .in  the  vertical  plane 
is  the  hest  that  can  be  obtained  'because  of  the  penetration  of 

'  i 

gamma  rays  through  the  edge  of  the  pin-hole^  an  effect  that  is 
independent  of  Intensity,  As  propoSedj,- other  effects  will  hot 
worsen  the  matter  Seriously  except  when  the  intensity  becomes 
low  enough  for  the  image  orthlcon  picture  to  become  poor* 


TIME  RESOLUTION 

The  time  resolution  that  can  be  obtained  Is  expected  to  be 
limited  by  the  intensity  that  can  be  obtained*  That  is  certainly 
the  case  w'ith  the  image  orthicons  presently  available*  Should 
the  intensifier  image  orthicon  eurrently  being  worked  on  by  RCA 
become  available:,’  the  limitation  might  become  one  of  Scanning 
and  recording  mechanismSi  For  this  application  it  is  possible,^ 
without  very  much  development  work,  to  scan  an  image  ,©rthicon 
at  rates  up  to  180  per  second  and  build  the  hecessary  recording 
equipment.  This  proposal  assuffied  the  construction  of  equipment 
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<;apable  of  seyisfa-l  soannlrig  rS.teg  mmglng  froin  3Q  to  l80  soans 
pof 

DYNAMIC  RANGE 

The  dynamie  range  df  aa  Isiage  dhthicoa  ih  ratber  redtr'idted 
and  is^  roughly  a  factor  of  20  to  1*  (Phdhably  lesa  thah  this 
if  the  iBiag'e  orthieOn.  Is  set  for  aiaxlrauffi  resolution).  Conse¬ 
quent  ly^?  it  would  not  he  possihie  for  a  single  image  orthicOn 
to  follow'  both  the  high  intensity  Bignal  due  to  a  rapid  heating 
of  the  fuel  pins  and  the  subsequent  low  intensity  following 
the  transient  unless  it  is  possible  to  control  the  light  inei- 
dent  on  the  image  ortbicon*  Purther^r-  unless  the  light  from^ 
the  peak  Of  the  excursion  is  stopped  from  reaching  the  image 
orthiconi*!  it  would  not  record  subsequent  low  level  signals  ^  Goh^ 
sequently^  it  was  proposed  to  arrange  a  shutter  whleh  will  .open 
quickly  When  the  light  leyel  has  fallen  to  a  yalue  which  the  image 
orthicOn  can  records 

EXPECTED  PERFORMANCE 

From  the  analysis  conducted  it  appears  that  equipment  with 
a  nominai  #1  e  *15  in.  resolution  on  axis  can  reoord  the  gamma 
rays  from  the  molten  fuel  material  with  a  scan  'rate  of  3©  POr 
second*  This  means  one  would  obtain  a  picture  integrated  oyer 
approximately  l/30  of  a  second  eyery  I/3O  of  a  Second*  Should 
the  RCA  intenslfier  image  orthiCon  become  ayailable  and  liye 
up  to  its'  adyanced  billing>:  it  is  reasonable  to  expect  that 
180  scans  per  second  could  be  obtained  by  its  use* 
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RADIATION  Scanning  system 

AitN-Oiagh  the  ahove  phoposeE  pThhoTe  cameha  urith  TV  ehalh 
systeni  cpula  ehtalh  a  veaso'nabXe  spatial  hesolutloh^  the  time 
resolution  obtainable  is  only  3©  frames  per  second*  An  in- 
crease  in  the  number  of  frames  per  second  to  l8o  is  dependent 
upon  the  availability  of  the  new  RCA  Intensifier  image  orthi- 
con  tubes,-  product  ion  models  of  which  are  Still  unproyen* 

The  dynamic  range  of  the  p3?oposed  system  was  also  seyerely 
limited;,  particularly  when  the  TV  chain  was  adjusted  for 
maximum  resolution.  To  obtain  Completely  the  desired  Informa¬ 
tion  from  each  Nal  screen  requires  two  TV  channels.  The  cost 
of  equipment  purehases  and  the  construction  of  the  pin-hole 
and  .associated  heavy  shielding  for  a  single  TV  channel  w'ould 
amount  to  approximately  ^125,000*  An  additional  ^$0,000  is 
required  for  a  second  TV  chain  to  view  the  Nal  screen  to 
Increase  the  dynamic  range  to  cover  the  entire  transient*: 

By  the  time  the  contract  for  NRL  to  participate  in  the 
TREAT  program  was  completed  early  in  1958>:  an  alternative  system 
had  been  partially  evolved  that  will  give  the  approximate  space 
resolution  of  the  above  ByStem  and  25Q  frames  per  second  with 
a  dynamic  range  of  approximately  50*  The  analogy  of  the  fly¬ 
ing  spot  scanner  of  early  television  started  discusBions  that 
led  to  the  new  system#  This  System  Involves  a  rotating  drum' 
with  a  large  number  of  collimating  holes  scanqlng  the  test 
section#  Gamma  rays  from  the  fuel  pin  will  penotrate  through, 
these  Collimating  holes  Onto  a  mUlti-seetion  Nal  crystal# 
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Signals  from  photomultipliers  Ylewing  these  Nal  crsrstals  Trill,- 
after  anipllfioatlpn,^  Intensity  modulate  the  Z-axiS  of  two 
IBulti-gun  oaoilloSSopeS,  Sweeps  of  these  oscilioseopes  will 
he  recerded  on  a  eontlmuouSly  moylng  film  camera  for  later 
study  and  detailed  analyses  *  This  system  was  dlseussed  in 
qualitative  terms  with  representatives  of  ANL  on  March  4,  195^. 

A  slit  arrangement  narrowing  down  to  »4"  proceeding  the 
rotating  drum  will  limit  the  amount  of  radiation  illuminating 
the  drum*  Additional  shielding  will  also  be  provided  behind 
the  drum  to  protect  the  Nal  crystals  from  background  radiation 
from  other  parts  of  the  reactor.  The  entire  meehahlcai  arrange¬ 
ment  of  the  Silt,  -drum  and  shielding  Will  be  mounted  and 
aligned  on  a  single  sliding  arrangement  that  can  be  easily 
inserted  Into  the  reactor. 

The  rotating  drum  will  be  22”  in  diameter  and  18”  In 
helght>;  with  a  hollow  center  of  In  diameter.  Eighty  series 
of  holes  ,2  of  an  Inch  apart  will  scah  the  4”  x  16^'^  test 
section  as  the  drum  Is  rotated  at  approximately  iGdO  r*p,m> 

These  hGles  will  be  I5  mills  In  diameter  With  colligation  or 
definition  of  the  h.ole  provided  by  a  steel  rod  I/16  of  an  Inch 
In  diameter  with  a  15  mill  hole  through  it «  The  drum  will  be 
filled  with  a  high,  density  metal  to  attenuate  all  other  Uncoil 
limated  radiation  below  the  desired  signal *  Ihe  drum  will  be 
rotated  by  a  hydraulically  drlyen  motor  on  a  vertical  axis 
nine  feet  frem  the  test  section  In  the  viewing  hole  of  the 
TREAT  Shield*  The  hydraulically  driven  motor  will  allow  rota^ 
tionS  at  all  Speeds  slewer  than  lOOG  r*p,m* 
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The  spacitig' :of  the  hoTes  luay  he  deBcx^bed.  as  follows: 

Eight' holes  w  plad‘hd-2  iheheS  apart  In  a  yertioal  line.. 

At  a  dotation' of  2 si  deEheas  and  dlspiaced  dowjrtard  hy  Inohas 
will  he'  another  sehies  of  &  holesv  ‘etc*^-  for  a  total  of  ten 
such  yert leal  series.  This  group  of  ten  Yertlcal  ssrles  of 
holes  will  fee  repeated  a  total  of  eight  times  around  the  drum 
for  a  total  of  640  holes.  There  will  fee  an  additional  Spacing 
of  1.35  degrees  of  rotation  between  the  eight  groups  to  pro-, 
vide  blanking  between  frames  on  the  film.  Only  one  yertlcal 
series  of  holes  will  be  visible  at  the  test  section  at  a  time 
through  the  slit  Jaws.  SinOe  gamma  rays  will  go  through  each, 
hole  twice  per  revolution^,  there  will  fee  l6  fraffles  per  revolu¬ 
tion*-. 

The  fabrication  of  a  Suitable  drum  is  the  biggest  diffi¬ 
culty  of  this  system:.  To  provide  desired  spatial  resolution 
with  a  useable  signal  intensity  requires  a  proper  balance  be¬ 
tween  small  collimating  holes  and  a  large  drum  diameter-*  Since 
the  intensity  levels  limit  the  minimum  hole  diameter  to  I5  mills# 
this  requires  a  drum  diameter  of  22”  to  give  a  desirable  space 
resolution.  This  is  approximately  the  largest  diameter  drum 
that  will  fit  in  the  current  Shield  design.  Obtaining  straight 
holes  .015**  In  diameter  through,  a  material  that  will  provide 
an  attenuation  to  gamma  radiation  of  10®  10®  is  difficult  but 

appears  solvable. 

The  gamma  rays  penetrating  each  group  of  ten  horizontal 
series  of  eight  holes  will  Strike  a  Separate  Mai  crystal#-  0.5'^ 
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high  and  2^’'  daap',  TheTfesPore  there  will  de  eight 
crystals'  wit'h.  arpropniate  photroitrultipliers  tube  and'  p'Gisrer 
supplteB  eonYerting  the  light  pulees  Into  electrical  signals^ 

The  recordihg  system  will  be  built  arouhd  two  four  gun 
.eScillascopes,  The  signals  from  the  eight  photemultlplier 
tubeh  yiewing  the  Nal  erystals.  will.*  /after  amplification* 

Intensity  modulate  the  Z-axls  of  these  oscilloscopes  *  The  four 
sweeps  of  each  .osellloscope  will  be  triggered  Simultaneously 
by  a  signal  from  a  magnetic  plclc  up  from  the  rotating  drum^ 

The  time  duration  of  each  sweep  will  be  40G  microseconds  and 
the  Sweep  length  on  the  osciiloscope  face  will  be  2-1/2  cm* 

The  four  sweeps  of  each  oscilloscope  will  be  placed  end  to  end 
on  a  single  horizontal  line  across  the  oscilloscope  face^  A 
Camera  will  record  these  sweeps  On  35  ®m  film  moving  at  i8G0 
inches  per  minute*  Each,  of  the  twO  films  Will  have  In  four 
vertical  rows*  successively*;  frames  of  2”  sections  of  the  teat 
section*:  Cameras  are  ayai lab le  that  can  move  film  at  all  speeds 
from  ©  up  to  12,000  In/mln* 

SPATIAL  RESOLUTION 

The  Spatial  resolution  obtainable  by  Ihis  system  primarily 
Is  determined  by  the  diam;eter  and  langth  of  the  collimating  holes. 
However*  the  limit  in  spatial  resolution  iS  determined  by  the 
intensity  of  gamma  radiation  reaching  the  enystal  through  the 
collimating  hole*  It  appears  that  a  reasonable  Spatial  resolu¬ 
tion  With  a  useable  signal  is  Obtainable  with  a  I5  mill 
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C'oilimt-teg-  Kole- 22’’  long..  This'  will  provide  a  ep-atial  resolu¬ 
tion-  of  *15  ine-tees-  when  the-eentpr  oi  the  drdm- is  plaeed 
nine  fe^  fro«  th.O  test  seetlon^  This  Spatial  Resolution  is 
Slightly  larger  th^  th.e  geometrio  opt  leal  resolution  because 
gainffla  rays  penetrate  the  lip  of  the  colllaatlng  holes*  This 
Spatial  resolution  will  be  obtained  in  both  the  horizontal 
and  vertical  directions  but  the  Spacing  between  scans  in  the 
vertical  direction  is  0*2'^*  This  Bpatlal  resolution  will  be 
constant  over  the  entire  test  section*  Each  scan  across  the 
test  Section  will  be  400  mierOSeconds  in  tiwe  duration  which 
will  mean  that  the  diameter  of  a  test  fuel  pin  will  be  swept 
across  in  15  ffliicroseeonds* 


CHECKS  ON. SPATIAL  RESOLUTION 
Experimental  measurements;  have  been  made  to  determine 
actual  resolution  obtainable  with  small  holes  through  a  lead 
block*  Gamma  rays  from  a  130^  curie  Co®°  source  were  allowed 
to  illuminate^  through,  a  slit  arrangement,  a  14’*  thick  lead 
block*  Radiation  penetrating  a  *033 ■■  hole  was  detected  hy  a 
Nal  Crystal  shielded  against  radiation  from  all  other  dlrecw 
tiohS*  The  Source  consisted  of  ten  pins  5”'  long  by  1/2'*  in 
diameter  which,  were  equally  spaced  around  a  circle  of  in 
diameter*  The  entire  source  arrangement  was  in  :a  water-tight 
aiumlnum  cart*  This  source  at  a  distance  of  10  feet  from  iihe 
lead  block  was  moved  on  a  line  perpendieular  t©  ibe  axis  of 
the  hole*  The  resulting  Signal  from,  the  detector  for  traversing 
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a  slTiKia  pin  '  is  Sh'own  la ‘Pig*  X*  The  Bieapppeh  ’erldth  st  half 
waxiiannr;'  is  0*67''  which  can-  'he  -  accbpitfc-ei  f  or  by  ihh  stin^ 
geoHretrical  optics  of  the  ainrangeweht  talteihg  Into  acGoynt  the 
hlaineter  of  the  source  pins  and.  the  reduction  of  the  hole 
length  by  one  raean  free  path  to  Compensate  for  gamma  rays 
penetrating  the  lip  of  the  hole* 

Similar  runs  were  made  w:ith  the  distance  from  sonrce  to 
coillmatlng  hole  reduced  by  a  factor  of  two  to  deraonstrate  the 
change  in  width  of  the  respOnS'e  curve  with  dlstance>  Also 
observations  were  made  with  a  hole  diameter  of  *©55 Mlth  a 
monoenergetic  source  such  as  used  here,  discrimination  against 
small  pulses  can  Improve  the  ultimate  space  resolution  by 
eliminating  more  scattered  radiation  than  direct  unscattered 
radiation*  With  the  above  arrangement  it  was  possible  to 
increase  the  peak  to  valley  ratio  by  a  ractor  of  2* 

SIGNAL  STRENGTH  CALCULATI0N 

Using  the  typical  data  from  Table.  1,  an  estimate  of  the 
signal  Strength  can  be  computed*  With  a  i,Ql5’*  hole  diameter 
in  a  22’*  diameter  drum  9'  from  the  tent  sect  10%  an  area  of 
apprOxlmateiy  *15  ■■  in  diameter  (or  *11  era^)  will  be  viewed  at 
the  test  section*  Therefore,  when  the  hole  is  yiewlng  a  fuel 
pin  at  the  peak  of  the  transient,  the  Sour ee  strength  of  the 
viewed  will  be  4*5  x  1©^^  mev'  of  y’s/sec*  The  solid  angle  of 
the  hole  is  1.2  x  1©“®,  so  that  the  rate  of  radiation  striking 
the  crystal  is  5*5  x  10®  mev  of  7* s/sec.  Since  the  time  to 
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sweep  across  a  fuel  pin'  Is  I5  (xsec,  the  anrount  of  radiation 
from  the  fuel  pin  to  strike  the  dete'ct'or  is  85  nrer  of  7’s. 

The  ahore  calcuTatlons  are  f'or'  -a  transient' with  a 
5  railllseeonia'  perl od  but  the"  'latest  information  from  ANL  indi¬ 
cates  that  they  will  probably  do  most  of  the  work  with 
transients  of  50  -  80  milliseconds*  At  a  50  fflllllsecond 
period^  the  peak  gamma  ray  levels  would  be  a  f  actor  of  ten 

lower . than  abovei  The  time  of  interest,  i»e,y  when  the  fuel 

is  flowing  after  a  ,melt-down>  will  be  after  the  peak  gamma  ray 
level  has  been  past  but  with  this  slower  period^p  the  prompt 
7-ray  level  should  not  fall  more  than  a  factor  of  5'  in  the 
time  of  Interest.  However,,  due  to  the  flexibility  of  the 
system,  by  a  reduction  in  drum  rotation  and  camera  speed,  some 
loss  in  Intensity  levels  for  slower  transients  can  be  com¬ 
pensated  for  by  fewer  frames  per  sec. 

DYNAMIC  RANGE 

The  dynamic  range  of  this  system  is  limited  by  the  ratio 
of  the  signal  to  background.  The  background  is  primarily 
determined  by  radiation  from  the  test  section  coming  through 
the  slit  and  consequently  penetrating  the  drum.  The  attenu¬ 
ation  provided  by  the  drum  for  this  radiation  must  be  at  least 
a  factor  of  10®.  By  proper  adjustment  of  other  shielding,  all 
other  sources  of  background  radiation  must  be  made  negligible 
in  comparison  to  this  factor.  Contrast  of  the  fuel  pins  to 
background  radiation  from  regions  of  the  reactor  behind  the 
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test  sectiOT"  inTO  by  fehe  adxiltiDn  of  2-3”  thlck- 

ne&b of  Pb  or  B1  behind  the  test  section  to  attenuate  gamma 
rays  from  the  reactor. 

COST 

The  cost  of  this  system  Is  estimated  to  be  appreciably 
less' than  the  pinhole  camera  and  TV  system*  The  meehanleal 
construction  of  the  drum  and  shield  Is  estimated  to  be 
approximately  ^25*000*  The  cost  of  the  recording  system 
Including  the  Nal  crystal  ampllf lers^r?  2  oscilloscopes  and 
2  cameras/  plus  test  equipment^  Is  estimated  at  approximately 
^25^000*  This  total  of  0^0 j, 000  Is  In  comparison  with, 
approximately  ^125,000  for  the  previous  system*  Neither  set 
of  figures  Include  design,  cheeking  out  or  Installation  costs* 
Nor  do  they  Include  salary  cost  of  division  personnel  working 
on  the  project* 


STATUS 

At  present  the  design  and  method  of  fabrication  of  the 
rotating  drum  Is  currently  being  worked  out*  Details'  of  this 
and  other  parts  of  the  system  will  be  reported  on  in  the  next 
report  covering  the  period  up  to  30  June*  Construction  of 
the  mechanical  system  will  be  Started  by  then  and  should  be 
completed  in  time  to  allow  testing  of  the  entire  assembled 
system  here  at  NRL  during  the  Fall.  Since  TREAT  Is  esti¬ 
mated  to  go  critical  late  in  1958  or  early  In  1959*  the  system 
would  be  ready  for  installation  In  TREAT  before  transient 
testing  is  begun  In  the  early  part  of  1959* 
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Lead  has  been  cast  In  a  steel  drum  14"  in  diameten  and 
2"  high-  to  stTid;y  fabridatioh  tehhniqdes  a  will  be  used  loh 
additional  eheekS  on  resolution  and  intensity  requireffients 
Several  sraail  holes  *©20"  ■-  ,o4o"  were  made  through  this  drum 
by  stretOhing  piano  wires  across  the  steel  drum:  before  the 
lead  was  cast.  These  wires  are  pulled  out  after  the  lead  has 
cooled.  Upon  rotation  these  hole’s  will  scan  across  small 
Co®®  sources  *  Signals  from  Nal  detectors  will  be  used  to 
demonstrate  intensity  modulation  of  an  oscilloscope  and  deter¬ 
mine  the  intensity  levels  and  associated  amplification  required* 


Navy  -  NSL,  Bell«vu«j,  P.  C. 
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TABLE  1 


results;. OP  INTENSITY  CALCULATION  FOR  A  5  MILLISECOND  PERIQD 


He^a.t  %o  melt  ui’a.uiiim  60  eal/giti 

Nutnbfei*  "of  fissions  to  MOlt  10-^^  fiss/gm 

■taraniUm: 

Peak  f  ission  nate  asSumeU'^  10—  f  iss/^-Ses 

peak  gatnna'-nay  sonroe  Strengt’]!  1©^’’'  Mev  of  7*s/cffl®-see 
in  fuel 

Peak  gamriia -nay  sour'ce  strength  6  x  10^^  Mey  ;Of  7's/Gim^-see 
in  sodiu®; 

Peak  gamma ray  source  strength.  5  x  10^®  Mev  of  7 ’s/cm® -sec 
in  gr.aph.ite  reactor 

Peak  BrigP.tness  of  fuel  pin  4  x  10^®  Mev  of  7js/cm^-sec 

or 

3  X  10^®  Mev  of  7»s/G;m^iSec-stor* 

Brightness  of  Sodium  one  cm  6  x  10^^  Mev  of  7fs/cm^-seC 

thick 

Brightness  of  graphite  reactor  10^’^  Mev  of  7>B/cm5-^sec 
behind  test  section 

Peak  brightness  of  Nal  screen  10®  Mev  of  7 ’s/cm® -see 
through.  .05  diameter  pin-hole 
with,  screen  four  meters  from 
test  section 

Brightness  of  fuel  pin  from  3*7  x  10^“^  Mev  of  7’s/em®-sec 

decay  gamma  rays  from  fission 
products 

Screen  brightness  from  decay  10'^  Mev  of  7^0/0®® -sec 

gammas 

"’^This  peak  fission  rate  is  ayeraged  oyer  the  last  period  and  it 
assuimes  tiiat  the  uraniuhi  melts  at  the  peak  or  during  the  initial 
decrease  of  the  transients 
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TABLE  2 


COMPUTED  INTENSITY  AT  SCREEN  FROM  A  POINT  SOURCE  OP  GAMMA  ifAYS* 


Percent  of 

Width  of 

Spot  (Inches ) 

Maximum 

Intensity 

Horizontal 

Vertical . ;  1 

Lead 

Mallory  1000 

Lead 

Mallory  1000 

100^ 

0 . 1 

0,1 

0,1 

0,1. 

50fo 

0,132 

.0.124 

0.225 

0,19 

10^ 

0,20 

0.17 

©.51 

0.39 

5^ 

0,23 

0.194 

0,63 

.0.48 

*  Values  are  for  the  most  penetrating  gamma  ray  ehehgy. 

20 


UNCLASSIFIED 


Presently  Proposed  Scanning  Collimator  System 


